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Weighted Bipolar Argumentation Graphs: Axioms and Semantcs

Leila Amgoud and Jonathan Ben-Naim
CNRS - IRIT, France
amgoud@irit.fr, bennaim@irit.fr

Abstract strong. Gradual semantics take into account supporters in

) this particular case, however they violate some key princi-

The paper studies how arguments can be eval-  pjes The third contribution of the paper is the definition of
uated inweighted bipolar argumentation graphs a novel gradual semantics for the sub-class of non-maximal

(i.e., graphs whose arguments have basic weights ey clic bipolar graphs. We show that it satisfies all the pro-
and may be supported and attacked). It introduces  osed principles. Furthermore, it avoidbig jumpproblem

principlesthat an evaluation method (semantics that may impede the relevance of existing gradual semantics
would satisfy, analyzes existing semantics with re- in some practical applications.

spect to them, and finally proposes a new semantics
for the class of non-maximal acyclic graphs. .
yclic graph 2 Basic Concepts

1 Introduction Let us now introduce weighted bipolar argumentation graphs
Argumentatioris a form of common-sense reasoning, whic
consists of justifying claims by arguments. The latter havel
generally basic strengths, and may be both attacked and suﬁ'—e
ported by other arguments, leading to the so-cale@jhted et
bipolar argumentation graphs Given two arguments andb, aRb (resp. aSb) means at-
Two families of semanticswere proposed in the litera- tacks(resp.support3 b, andw(a) is theintrinsic strengthof
ture for the evaluation of arguments in such graples- 4. The latter may be the certainty degree of the argument’s
tension semantic§Cayrol and Lagasquie-Schiex, 2005b; premises, trustworthiness of the argument’s source,
Oren and Norman, 2008; Brewka and Woltran, 2010; Boella A semantics is a function assigning amerall strength
et al, 2010; Nouioua and Risch, 20fl0and gradual se-  from the unit interval0, 1] to each argument of a weighted
mantics [Cayrol and Lagasquie-Schiex, 2005a; Evripidoubipolar graph. Arguments that get value 1 aedremely
and Toni, 2014; Baronet al, 2015; Ragoet al, 2016; strongwhilst those that get value 0 aneorthless
Pazienzeet al, 2017. The former evaluate mainly sets of o o ) )
arguments (extending Dung’s 1995 semantics) while the latPefinition 2 Asemanticss a functionS transforming anyA
ter focus on individual arguments. = (A,w,R,S) € WAG into a functionDegj from.A to [0, 1].
This paper extends our previous works on axiomatic founfor a € A, Deg (a) is theoverall strengttof a.
dations of semantics for unipolar graphs (support graphs
[Amgoud and Ben-Naim, 201$bnd attack grapH®mgoud
and Ben-Naim, 2014} It definesprinciplesthat a semantics Definition 3 LetA = (4, w,R,S), A’ = (A, v/, R',§’) €
would satisfy in a bipolar setting. Such principles are usef WAG. Anisomorphismfrom A to A’ is a bijective function
for defining reasonable semantics, for a better understgndi f from A to A’ such that: )V a € A, w(a) = w'(f(a)),
of the design choices or foundations of each semantics, anig V a,b € A, aRb iff f(a)R'f(b), iii) Va,b € A, aSb iff
for comparing pairs of semantics. As a second contributiony (a)S’ f(b).

the paper analyzes existing semantics against the pracipl I[}Iotations: Let A — (Aw,R,S) € WAG anda

hDefinition 1 A weighted bipolar argumentation grajsh a
uadrupleA = (A4, w, R, S), whereA is a finite set of argu-
ntsw a function from4to [0, 1], R C Ax A, S C Ax A.
WAG denote the set of all such graphs.

Let us recall the notion aBomorphisnmbetween graphs.

The main conclusion is that extension semantics do not ha -
ness the potential of support relations. For instance, WheﬁEEAEZ; |Be {é’ (be) ;A}bngi%ﬁlgﬁ ngtA(a()a)
there is no attack in a graph, the existing semantics dealare A |?S ! andg% (a) ' (e sy, I(’pﬁ DegS (b
supported, non-supported) arguments of the graph aslgqua a Souppald) = UPPA L) | DEEA
(supp PP argu grap Fau 0}. LetA’ = (A, v, R/,S’) € WwAG suchthatdn A" =
'This is an abridged version of a paper titled “Evaluationef a Let A & A’ be (A”,w",R",S") € WAG such thatd” =
guments on weighted bipolar graphs” which won a best-paparca  AUA', R = RUR', 8" = SUS’,Vz € A”, the following
at ECSQARU-17 conference. holds:w” (z) = w(z), if z € A w"(x) = ' (x), ifx € A'.

e A
{b €
{b €
) #

0.



3 Principles for Semantics

In what follows, we propose principles that shed light on
In other words, e w(a) = w(b),
properties that help us to better understand the undenmsni
of semantics, and that facilitate their comparisons. Tls fir

foundational properties behind semantics.

nine principles are simpleombinationsof properties pro-

Principle 6 (Neutrality) Semantics$S satisfiesneutrality iff
foranyA = (A, w, R, S) € WAG, forall a, b, x € A, if:

o Atta(a) C Atta(b),
* Suppy (a) € Suppy (b),

posed for graphs with only one type of interactions (support o Atta(b) U Suppa (b) = Atta(a) U Suppy(a) U {z}

in [Amgoud and Ben-Naim, 201$land attack ifAmgoud
and Ben-Naim, 20183 The three last principles are new.

The first basic principle, Anonymity, states that the degre

of an argument is independent of its identity.

Principle 1 (Anonymity) SemanticsS satisfiesanonymity
iff, forall A = (A, w,R,S), A’ = (A, v, R',S") € WAG,
for any isomorphisnf from A to A’, the following property
holds:V a € A, Deg3 (a) = Deg3,(f(a)).

such thaDeg?3 (z) = 0,

ghenDeg3 (a) = Deg3 (b).

If an argument: is equally or less attacked than an argu-
mentb, and equally or more supported thigrihen Bi-variate
Monotony ensures thatshould be at least as strongias

Principle 7 (Bi-variate Monotony) SemanticsS satisfies
bi-variate monotonyff, forany A = (A4, w,R,S) € WAG,

for all a,b € A such that:
o w(a) = w(b),

Bi-variate independence principle states the followig: t
overall strength of an argumeatshould be independent of
any argumenb that is not connected to it (i.e., there is no

path fromb to a, ignoring the direction of the edges).

Principle 2 (Bi-variate Independence) SemanticsS satis-
fies bi-variate independend#, for all A = (A, w,R,S),
A = (A v, RS € WAG such thatd N A" = (), the fol-
lowing property holds¥ a € A, Deg4 (a) = Degi o o/ ().

Bi-variate directionality principle states that the oukra
strength of an argument should depend only on its incoming
arrows, and not on the arguments it itself attacks or support

Principle 3 (Bi-variate Directionality) SemanticsS satis-
fies bi-variate directionalityiff, for all A = (A, w,R,S),
Al = (AW, R',S') € WAG such thatd = A, w = w/,
R C R',andS C &', the following holds: for alk, b, x € A,
if R"US = RUSU{(a,b)} and there is no path fror

to z, thenDeg$ (v) = Deg3, (). A path can mix attack and

support relations, but the edges must be directed fraonz.

o Atta(a) CAtta(D),

* Supp, (b) € Suppy (a),
the following holds:

* Deg} (a) > Deg} (b); (Monotony)

o if (Deg3(a) > 0 and sAtta(a) C sAtta(b)) or
(Deg3 (b) < 1 andsSupp, (b) C sSupp, (a)),
thenDeg3 (a) > Deg5 (b). (Strict Monotony)

Bi-variate Reinforcement principle concerns the quality o
attackers and supporters. It states that any argument lescom
stronger if the quality of its attackers is reduced and thed-qu
ity of its supporters is increased.

Principle 8 (Bi-variate Reinforcement) Semantics$ satis-
fiesbi-variate reinforcemeriff, for any A = (A, w,R,S) €
WAG, forall C,C" C A, forall a,b € A, forall z,2,y,y’ €

Bi-variate equivalence principle ensures that the overaltd \ (C'UC”) such that:

strength of an argument depenaisly on its basic strength

and the overall strengths of its attackers and supporters.

Principle 4 (Bi-variate Equivalence) SemanticsS satisfies
bi-variate equivalencf, for any A = (4, w,R,S) € WAG,
forall a,b € A, if:

e w(a) =w(b),

e there exists a bijective functiofi from Atta(a) to
Atta (D) S.tVz € Atta(a), Degl (v) = Deg3 (f(2)),

e there exists a bijective functiofi’ from Supp, (a) to
Suppy (b) StV € Suppy (a), Degh (7) = Degi (f(2)),
thenDeg$ (a) = Deg5 (b).

o w(a) = w(b),
Atta(a) = CU{a}
Suppy (a) = €7 U{z'}
Deg () < Deg (v)
the following holds:
* Deg} (a) > Deg} (b);
e if (Degh(a) > 0 and Degl(z) < Deg3i(y)) or

(Deg3 (b) < 1 andDeg3 (z') > Deg3 (v')),
thenDeg?3 (a) > Deg3 (b). (Strict Reinforcement)

Atta (b)) = CU{y},
Suppa (b) = C" U {y'},
Dega () > Degj (¥'),

(Reinforcement)

Our next principle is not mandatory. Its suitability depsend

Stability principle states the following: if an argument is on thenatureof arguments (opinion-based, analogical, etc.).

neither attacked nor supported, its overall strength shbal
equal to its intrinsic strength.

Principle 5 (Stability) Semantics$ satisfiesstability iff, for
anyA = (A, w, R, S) € WAG, foranya € A, if Atta(a) =
Suppa (a) = 0, thenDeg? (a) = w(a).

It combines Imperfection property frofdmgoud and Ben-
Naim, 2016l with Resilience one fronhAmgoud and Ben-
Naim, 20164& Imperfection states that an argument whose
basic strength is less than 1 cannot be fully rehabilitated b
supports. This property prevents irrational behavioteg li
fully accepting fallacious arguments that are supportegt R

Neutrality principle states that worthless attackers andsilience states that an argument whose basic strengthiis pos

worthless supporters have no effect on their targets.

tive cannot be completely destroyed by attacks.



Principle 9 (Resilience) SemanticsS satisfiesresilienceiff, e Va € Atta(a), Degi (z) < Deg§ (f(z)); and
foranyA = (A, w,R,S) € WAG, forall a € A, o sSupps(a)\ {f(2) |z € Atta(a)} # 0 or

3z € Atta(a) such thaDeg$ () < Deg3 (f()),

S

The next principles are new and answer the question: hO\}vher_lDeg_A(a) > w(a). _ o
the overall strengths of attackers should be aggregatéd wit Bivariate Monotony follows from five other principles.
those of supporters? To answer this question, it is impbrtarProposition 2 If a semantics satisfies Bi-variate Indepen-
to specify which of the two types of interactions is more im- dence, Bi-variate Directionality, Stability, Neutraliand Bi-
portant. We argue that a supportis weaker than an attack singariate Reinforcement, then it satisfies Bivariate Mongton
an attack is sufficient for weakening a whole argument WhIIﬁDroposition 3 The principles can be satisfied all together.
a support may only strengthen a part of it. Hence, in wha
follows we consider the case where an attack is more impor; : - :
tant than a support (Franklin principle) and the case wheré]r Formal Analy.s_ls of EXIStIng_ Se_mant'cs _
both relations are equally important (Strict Franklin giin ~ There are two families of semantics in case of bipolar
ple). The latter ensures that an attacker and a supporter @fgumentation .graphs:extensmnsemanch[CayroI and
equal strength counter-balance each other. This pringple Lagasquie-Schiex, 2005b; Oren and Norman, 2008; Brewka
suitable in multiple criteria decision making contexts. and Woltran, 2010; Boellat al, 2010; Nouioua and Risch,

Principle 10 (Franklin) A semantic$ satisfiesfranklin iff, ggégaa}réda%?il:ils%rgig.tlgi%zgtﬂa): aggll_aagasqme-Schlex,

foranyA = (A, w, R, S) € WAG, forall a, b, x, y € A, if

if 0 < w(a) < 1, then0 < Deg} (a) < 1.

Extension semantics extend Dung’s 1995 ones for account-

e w(a) =w(b), ing for supports between arguments. They take as input
o Atta(a) = Atta (b)) U {2}, an argumentation graptd, w, R, §) whose arguments have

all the sameintrinsic strength, and return sets of arguments,
* Suppy (a) = Supp, (0) U {y}, called extensions. From the extensions, a three-valudd qua
e Deg$ (7) = Deg$ (v), itative degree is assigned to every argument. Indeed, an ar-

gument isacceptedf it belongs to all extensionsindecided
s S ) (or credulously accepted) if it belongs to some but not all ex
e Degj (a) < Degy (b), (Franklin)  tensions, andejectedif it does not belong to any extension.
e Deg$ (a) = Deg$ (b). (Strict Franklin) ~ When the support relation is empty, the semantics proposed
. ) L ___in [Cayrol and Lagasquie-Schiex, 2005b; Oren and Nor-
Proposition 1 Let S be a semantics that satisfies Bi-variate 154 2008: Brewka and Woltran. 2010: Boediaal. 2010
Independence, Bi-variate Directionality, Stability, aBttict  nNouioua and Risch, 201@oincide with 5ung’s ones. Thus,
Franklin. ForanyA = (A, w, R, S) € WAG, foranya € A, if  they violate the principles that are violated by Dung’s se-
there exists a bijective funchﬁfroml;ttA(a) to S;lppA(a) mantics (sefAmgoud and Ben-Naim, 2016dor a de-
such that for anyz € Atta(a), Dega (z) = Dega(f(2)).  tailed analysis of Dung’s semantics). For instance, staile
thenDeg$ (a) = w(a). mantics violates Bi-variate Independence, Bi-variateiqu

Weakening states that if the attackers of an argument ovefl€nce, Stability, Resilience, and Strict Monotony. When
come its supporters, the argument looses weight. The idea {8€ attack relation is empty, thg approaches fri@ay- _
that supporters are not sufficient for counter-balancitagt 10! and Lagasquie-Schiex, 2005b; Oren and Norman, 2008;

ers, however, they may mitigate the global loss due to astack Boellaet al, 2014 return a single extension, which contains
all the arguments of the graph at hand. Thus, all arguments

Principle 11 (Weakening) Semantics satisfiesveakening  are equally accepted. This shows that the support relation
iff, for any A = (A, w, R, §) € WAG, for anya € A, does not play any role, and a supported argument is as strong
if w(a) > 0 and there exists an injective functighfrom a5 a4 non-supported one. Formally, these approaches violate

then the following hold:

Suppy (@) to Atta (a) such that: strengthening principles, which capture the role of sufgor
e Vz € Suppy (a), Degh (x) < Deg$ (f(x)); and The approaches developed [iBrewka and Woltran, 2010;
Nouioua and Risch, 20]@lso return a single extension when
o shtta(a)\ {f(z) |z € Suppé(a)} # 0 (;r the attack relation is empty. In case of acyclic graphs, #ie e
Jz € Suppy (a) such thaDegy () < Degy (f(x)), tension is the set of all arguments. Thus, these approashes v
thenDegi(a) < w(a). olate strengthening and the support relation may not bg full

ploited in the evaluation of arguments.
Gradual semantics were introduced for the first time in
?Cayrol and Lagasquie-Schiex, 2005aThe authors pre-

. . e
Strengthening states that if the supporters of an argumenf(
overcome its attackers, the argument gains weight. Indee

attacks are notsufficient for counter-balancing suppbas; oo ie 4 some properties that such semantics should satisfy
ever, they may mitigate the global gain due to supports. (like a particular case of strengthening). However, they di
Principle 12 (Strengthening) Semantics S satisfies  not define concrete semantics. To the best of our knowledge,
strengtheningiff, for any A = (A, w,R,S) € WAG, the first gradual semantics was proposedErripidou and
foranya € A, if w(a) < 1 and there exists an injective Toni, 2014. It was extended to QUAD ifBaroniet al, 2014
functionf fromAtt a (a) to Supp, (a) such that: for evaluating arguments iacyclicgraphs.



Definition 4 Let A = (A, w,R,S) € WAG. A is acycliciff loss of generality, the basic strengths of arguments are con
the following holds: for any non-empty finite sequeace sidered less than 1. Note that few arguments are intrifgical
(a1, as,...,a,) of elements ofd, if Vi € {1,2,...,n — 1}, perfect. The probability of false information, exceptipet.,
(ai,a;41) € RUS, then(a,,a1) € RUS. is rarely 0. In contrast, the loss of cyclic graphs is impuotta
But, we consider that the class of all acyclic non-maximal
graphs is expressive enough to deserve attention.

o ) o ) Definition 6 A restricted semantics a functionS trans-
Def|r_1|t|on 5A restncted semantics a fun.ct|onS trans- forming any acyclic non-maximal = (A, w, R,S) € WAG
forming any acyclicA = (A, w, R,S) € WAGinto afunction  jhto a functiondeg$, from A to [0, 1].

S
Dega from.Ato [0, 1]. Before presenting our semantics, we need to introduce a re-
QUAD is arestricted semantics assigning a numerical valuation between arguments based on the longest paths to reach
to every argument on the basis of its intrinsic strength,thed  them (mixing support and attack arrows).
overall strengths of its attackers and supporters. It @leli pefinition 7 (Well-founded relation) Let A =

differently supporters and attackers before aggregatiemt (A,w,R,S) be an acyclic BAG and. € A. A path to

We define nextestricted semanticsAll principles for se-
mantics are straightforwardly adapted to restricted s¢icgn

Proposition 4 QUAD violates Strict Monotony, Strict Re- a in A is a non-empty finite sequense= (a1, as, ..., an) of
inforcement, Resilience, (Strict) Franklin, Weakeningda €lements ofd such thata, = a andVi € {1,2,...,n — 1},
Strengthening. It satisfies all the remaining principles. (ai,ai11) € RUS. We denote bRel(A) the well-founded

o _ binary relation < on A such thatvz,y € A, = < y iff
As a consequence of violating Weakening and Strengthfnax{n | there exists a path ta of lengthn} < max{n |

ening, QUAD may behave irrationally. Consider a weightediyere exists a path tg of lengthn }. SinceA is acyclic, those
bipolar graph whered = {a, b, ba, b3}, w(b1) = w(b2) = maximum lengths are well-defined, @i (A).

0.8, w(bs) = 0.9, R = {(be, a), (b3,a)}, andS = {(b1,a)}. ) .
Thus, a has an attacker and a supporter of equal strengths V& are ready to define tteuler-based restricted seman-
tics. The general idea is to take into account supporters

P > S B "
(Deg (b1) = Deg (b2) = 0.8), and an additional attacker and attackers in an exponehtof e (the Euler's number).

_ S _ ;
g3n Ilfe“é(a) grt%r%stherm%:ggéat)ot_hgtug ?t;?:rlllgr%thl—?é\?: e More precisely, the stronger or more-numerous the support-
Ingle Supp IS privieg W ) EVE ers, the greater and more-likely-positive that exponebuiO

. n q v X
i .U’.Ea) d t0'7' DegAt(a)M_ 0.477 meﬁmmg that atLaCkStr?rf.fously, the inverse is true with the attackers. Then, thealver
priviieged 1o suppors. ore generaly, wescan show thal Msyrength of an argumentis naturally defined as(a)e. Fi-
w(a) > 0.5, thenDegy (a) < w(a), elseDegy (a) > w(a). oy e need certain tweaking (including a double rit
Hence, choosing which of support and attack should tak Y, ; g ( ing .po}.a

d’ d d the infrinsic st th of § versal) to make our function a restricted semantics in the
précedence depends on the INrinsIC Strength of an arguUment. i 1506 and to have it satisfy all our axioms.

QUAD was recently extended to the restricted semantics " ) )
DF-QUAD in [Ragoet al, 2016. Unlike QUAD, it uses the Definition 8 We denote bgbs the restricted semantics such
same function for aggregating supporters and attackees septhat for any acyclic non-maximal = (A, w, R,S) € WAG,
rately. It satisfies Strict Franklin axiom, thus it treatsiatyy ~ Ebs(A) is the functionf from A to [0, 1] recursively defined
attacks and supports. It violates Strengthening and WeakeN/ith Re1(A) as follows:Va € A,
ing in presence of attackers/supporters of degree 1. Haweve B 1 —w(a)? B
the semantics avoids the irrational behavior of QUAD. fla) = 1_1 + w(a)eF’ - Z @)= Z f(z).
x€Supp(a) zEAtt(a)
Theorem1 Let A = (A, w, R,S) € WAG be acyclic non-
maximal and: € A. The following holds:

Proposition 5 DF-QUAD violates Strict Monotony, Strict
Reinforcement, Resilience, Weakening, and Strengthehing
satisfies all the remaining principles.

2
Both (QUAD, DF-QUAD) suffer from dig jumpproblem. Degy®(a) =1 — L(a)bﬂ where
Consider the graph depicted in Figure 1. kdveing QUAD 1+w(a)e
or DF-QUAD, Deg} (i) = 0.991. Note that the value of E= Y  Degy®(z)— Y  Degx®(w).
makes a big jump from 0.10 to 0.991 andbecomes even wESupp(a) zentt(a)

stronger than its supportgr There are two issues with such
jump: First, the gain is enormous. Assume thag a fal-
lacious argument. The supporter may increase slightly it
strength but cannot fully rehabilitate it. Second, suchgum
impedes the discrimination between different cases wher
w(i) > 0.1 since whatever the value af(i), the overall
strength is almost 1.

Example 1 Consider the graph depicted in Figure 1. Ev-
ery circle contains [argument name]:[intrinsic strengthhd
Pelow [overall strength]. The neutrality principle can be
checked withy and e, stability withd, g, h, andj, bivariate
fonotony with: andb, bivariate reinforcement with andc,
Imperfection withi, Strict Franklin witha, weakening with
e.g.b, and strengthening with

. Note also that being supported by a very strong argument
5 Euler-based Graded Semantics does not cause a weak argument to become extremely strong,

We have seen that no existing semantics satisfies all our prif/hich shows thaifbs does not suffer from the big jump prob-
ciples. We define a novel restricted semantics satisfyiegth |em. IndeedDegi®(i) = 0.22 and thus the jump is not big.
all for the subclass adicyclic non-maximafiraphs. Without Theorem 2 Ebs satisfies all the 12 principles.



Figure 1: Bipolar graph

6 Conclusion

[Baroniet al, 2019 Pietro Baroni, Antonio Rago, and
Francesca Toni. How many properties do we need for
gradual argumentation? IRAroc. of the 32 Conference
on Atrtificial Intelligence, AAAI2018.

[Boellaet al, 2014 Guido Boella, Dov M. Gabbay, Leen-
dert van der Torre, and Serena Villata. Support in ab-
stract argumentation. IRroc. of COMMA pages 111—
122, 2010.

[Brewka and Woltran, 20J0Gerhard Brewka and Stefan
Woltran. Abstract dialectical frameworks. Rroc. of
the International Conference on Principles of Knowledge
Representation and Reasoning,,KR10.

[Cayrol and Lagasquie-Schiex, 2005@laudette Cayrol and
Marie-Christine Lagasquie-Schiex. Gradual valuation for
bipolar argumentation frameworks. Rroc. of the Eu-
ropean Conference on Symbolic and Quantitative Ap-
proaches to Reasoning and Uncertainty, ECSQARIdes
366-377, 2005.

[Cayrol and Lagasquie-Schiex, 20@56laudette Cayrol and

The paper presented for the first time principles that sesve a Marie-Christine Lagasquie-Schiex. On the acceptabifity o

guidelines for defining semantics for weighted bipolar argu

arguments in bipolar argumentation frameworksPinoc.

mentation graphs. It also analyzed existing semantics with ©Of the European Conference on Symbolic and Quantitative

regard to the principles. The results revealed that extensi
semantics violate key principles, and do not fully explaps
port relations. Existing gradual semantics satisfy more bu

Approaches to Reasoning and Uncertainty, ECSQARU
pages 378-389, 2005.

[Dung, 1995 P. M. Dung. On the Acceptability of Argu-

not all the principles. We proposed a novel semantics which ments and its Fundamental Role in Non-Monotonic Rea-

satisfies all the principles.

This work can be extended in several ways. An urgent fu-

ture work consists of defining a semantics that satisfies th
principles while dealing with any typology of graphs includ
ing thus cyclic ones. Another perspective consists of dedini
semantics that take strict precedence to attacks over gi3ppo
Finally, new principles can be defined for capturing other fe
tures of semantics like those proposed very recent(Bim
roni et al,, 2018; Mossakowski and Neuhaus, 20116
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